Background: Implementation Action 5 of the EU Biodiversity Strategy to 2020 includes that Member States map and assess the state of ecosystems and their services in their national territory. A fundamental component of the respective methodology developed in Germany is the classification of semi-natural ecosystems. In this context, this study aims to examine the quality and re-usability of the map of current semi-natural ecosystem types (cEsT) in Germany (1: 500,000; Jenssen et al. in positional accuracy (absolute positional accuracy) and thematic accuracy (classification correctness) were quantitatively determined. For this purpose, a comparison was made with geometrical data of well-known positional accuracy such as ATKIS-DLM (Hesse), mapping of biotopes and habitat types (Hesse, Germany), current vegetation surveys from the Kellerwald National Park (Hesse; permanent random sample inspection, own survey) as well as vegetation surveys available Germany-wide after 1990 from the database of the Institute of Forestry Eberswalde (Waldkunde-Institut Eberswalde; W.I.E.). The map of cEsT Germany has an absolute positional accuracy of ± 42.29 m (≈ ± 42 m) and has been classified correctly by about 30%. Another approximately 35% are ecologically similar to the existing forest ecosystem types (together 65%). In a further approximately 15%, the ecosystem types were correctly classified, but only occur as accompanying ecosystem types. About 15% occurred as an ecologically related accompanying ecosystem type (together 30%). 5% of the spatial objects were mapped incorrectly. In the Kellerwald National Park (1: 25,000), about 22% of the cEsT were classified correctly. Misclassifications on both scale levels concerned the assignments to the elevation levels (e.g., Eb-5n-C2 instead of D1-5n-C2) and, respectively, to the humus species (e.g., Eb-5n-D1 instead of Eb-5n-D1a). The main reason for misclassifications can be seen in high thematic differentiation of the ecosystem classification according to Jenssen et al. (2013) . The biotope and habitat mappings are, due to their generally lower thematic differentiation, more appropriate for a falsification than for a verification of the cEsT approach. However, the spatial information content is valuable for comparisons with regard to the occurrence of cEsT as the main or concomitant ecosystem type. © The Author(s) 2019. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creat iveco mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made.
Background Action 5 of the EU Biodiversity Strategy to 2020 foresees that Member States will map and assess the state of ecosystems and their services in their national territory. To this end, an operational guidance to the EU and the Member States on how to assess the condition (or the state) of Europe's ecosystems was developed [15] . Accordingly, ecosystem condition should be measured using indicators and specified for the national level of the EU member states [15] . For Germany, a spatially explicit and nationally applicable concept for the classification of changes in ecosystem integrity was developed [10, 12, 16, 17, 19, 21] . A fundamental component of the methodology is the classification of Germany's semi-natural ecosystems. Their concordance with other ecosystem classifications for which no spatial concretisation has been carried out nationwide (EUNIS, Rieken et al. [18] ; habitat types according to Annex I of the Habitats Directive) has been achieved. Thus, the developed ecosystem classification is connectable, and the systematizations associated with it gain in ecologically founded interpretability and spatial differentiation. For 61 ecosystem types (40 semi-natural, 21 intensively managed), a historical reference condition was quantified based on data from the period 1961-1990 [10, 12, 19, 20] . The reference condition was quantitatively described as a type-specific condition of ecosystems, the characteristics of which are characterized by intervals of historical condition variables ) that are less affected by substance inputs and climate change than those of subsequent periods.
For habitat function, net primary function, carbon storage, nutrient flow, water flow and adaptability of ecosystem types, indicators were selected with which current and modeled future ecosystem conditions can be compared with the respective ecosystem type-specific reference conditions. The indication was quantitative with data from monitoring programs and from the W.I.E. database, whereby the focus was on the effects of changes in the abiotic systemic bases of development.
The reference states quantified for 40 semi-natural forest ecosystem types and 21 intensively managed forests refer to the period up to 1990, mainly from 1960 onwards, but in individual cases to data dating back to the 1920s and 1930s. For each ecosystem type, its reference status is indicated by a data sheet with the following information:
1. Ecosystem code: 1st digit = climate ecological coordinate, 2nd digit = water balance type, 3rd digit = substance cycle type, description see identification key [20, vol. 3 ], 2. Ecosystem name, 3. EUNIS class, 4. Biotope type BfN [18] , 5. Vegetation type according to common plant sociological classifications, 6. Photo, 7. Habitat type according to the Fauna-Flora-Habitat Directive [22] , 8. Position in two-dimensional ecograms with the coordinates soil moisture and base saturation, 9. Location factors: soil shape, soil type, terrain, macroclimate, 10. Habitat function: characteristic species association with continuity and mean quantity development of the soil cover, maximum Kullback distance of the individual records to the mean species quantity distribution, minimum similarity of the individual records with the mean species quantity distribution, 11. Net primary production: above-ground average annual NPP at the time of culmination in tree wood, leaf/needle mass, ground vegetation and total mass, upper stand height at age 100 as comparative parameter, 12. Carbon storage: carbon stock in humus (C org in humus layer and in soil up to 80 cm depth), 13. Nutrient flow: pH value in 1/10 KCl, base saturation V in % and C/N ratio in the uppermost 5 cm from H to Ah horizon (interval of mean value and standard deviation), humus form, nutritional characteristics N%, P%, K%, Ca%, Mg% in the assimilation apparatus of trees in g/100 g of leaf/needle dry matter (August, interval of mean value and standard deviation), 14. Water flow: soil moisture index (interval from mean value and standard deviation) as well as.
Conclusions:
The correctness of the classification can best be verified by vegetation samplings, but only at the site level. Any deviations found could then be used to improve the quality of the cEsT mapping, particularly at the regional level (1:5000 to 1:25,000). In principle, the use of the identification key for forest and forest ecosystem types (Schröder et al. 2018, vol. 3) is recommended for mapping on a regional scale.
Keywords: Ecosystem classification, GIS mapping, Quality control, Vegetation surveys 15. Adaptation to changing environmental conditions: maximum proportions of natural site tree species in self-organized development stages.
The aim of the present study was first to test the quality of the map of Germany's current semi-natural ecosystem types (cEsT) on a scale of 1:500,000 [10, 19] ("Methodology and results of the quality check" section). For observations of ecosystem integrity at the regional level (e.g., for nature conservation and forestry), the nationwide map of cEsT is only of limited use due to its small map scale-dependent spatial resolution and accuracy. Largescale or medium-scale mapping of ecosystem types with the help of vegetation surveys satisfy the accuracy requirements for the above-mentioned purposes at the local and, respectively, regional level, but are comparatively time-consuming and therefore impracticable. This methodological gap will, therefore, be closed in "Mapping of current semi-natural ecosystem types (cEsT) at regional scale and quality check" section by a procedure for medium-scale mapping of ecosystem types and assessment of the data quality for subsequent use after upscaling the nation-wide map using the example of the Kellerwald National Park, localized in the German federal state Hesse ( Fig. 1 ).
Methodology and results of the quality check

Operational definition of data quality
The quality was defined by the cartographic positional accuracy as well as the thematic accuracy, determined by a cartographic-statistical examination of the classification and its empirical validation with data not used for classification. Quality-related metadata have been determined which describe source-specific characteristics of data in terms of their quality. This is based on common standards for the description of the quality of geo-information: DIN EN ISO 19113 [8] and the quality model of the German Umbrella Association for Geoinformation e.V. based on it [4] . A quality model is understood to be a general and person-independent evaluation and description system for spatial data and their subsequent products. The DDGI quality model distinguishes between quantitative and non-quantitative quality information. Non-quantitative metadata refer in particular to the contents of the data set, the manufacturer and the original use, to origin and data sources as well as product characteristics (scale, product topicality, data type, etc.). Quantitative quality characteristics and the sub-elements assigned to them can characterize a geo-data set by measurable units. These quality characteristics can refer to different levels of a dataset, i.e., to the dataset as a whole (class), to a subset or to individual parts of the dataset, such as subtypes, objects or attributes [4] .
The quality control of the cEsT data set was based on the following quality characteristics [4]:
1. Thematic accuracy (sub-element: classification correctness, i.e., accuracy of classification of objects and their relationships), and 2. Positional accuracy (sub-element: absolute (external) accuracy as a measure of the correspondence between the result of position determination and the true or accepted value of the position of an object). Table 1 gives an overview of the methods used to determine these quality characteristics.
In the following, the methods and results including possible causes for identified deficiencies (geometry, topic) are explained. The results of the quality control of the map of Germany's current semi-natural terrestrial ecosystems (cEsT, 1:500,000) are summarized in Table 2 based on the standards of the DDGI Quality Model [4] .
Positional accuracy Method
The estimation of the absolute positional accuracy of the cEsT surface geometries, i.e., their proximity to the true position value, was made by comparison with data of known positional accuracy. The Digital Basic Landscape Model (Basic DLM) of the Official Topographic Cartographic Information System Hessen (ATKIS Hessen) with a geometric accuracy of ± 3 m [7] was used as the reference data set. All deciduous, mixed and coniferous forests of the ATKIS-DLM were combined into a land use class "forest" and spatially overlaid with the land objects of the cEsT (forest and forest ecosystem types). Between 400 apparently identical entities in total, the distances between the respective representatives were measured at selected support points of the object boundaries. For this, 200 cases were selected where the point objects of the reference data set (ATKIS) lie within the cEsT surfaces or 200 cases where these lie outside. Cases greater than three times the standard deviation were eliminated as outliers. The distribution properties were graphically displayed as histograms and quantile/quantile plots (QQ plots) and checked for normal distribution using the Shapiro-Wilk test. Based on this, the relative positional accuracy was first determined as the standard deviation of the measured values (Eq. 1).
with: σ = standard deviation; n = sample size; a, b, c … x = measured deviations. In a second step, the absolute positional accuracy was determined in accordance with the general error propagation law (Eq. 2), taking into account the known positional accuracy of the reference data set.
with: S = absolute positional accuracy; σ 1 = standard deviation of the reference dataset (ATKIS).
Results
After elimination of outliers, the sample size amounts to n = 395. The Shapiro-Wilk test shows no signs of normal distribution at a significance level of α = 0.05. 
The standard deviation of the distance measurements is calculated to ± 42.19 m (= relative positional accuracy of the cEsT geometries in relation to ATKIS). If the known positional inaccuracy of the ATKIS geometries according to Eq. (2) is added, the absolute positional accuracy of the cEsT is ± 42.29 m (≈ ± 42 m).
Discussion
The positioning inaccuracies are due to the scale inaccuracies of the input data, namely the map of potential natural vegetation PNV [2] and the land use units derived from the Corine Landcover 2006 [3] . The information on positional accuracy only refers to the accuracy of the forest/non-forest boundary.
Thematic accuracy Method
The accuracy of the classification for the map of current semi-natural ecosystem types in Germany (cEsT, scale 1:500,000) was determined by Table 5 , the biotope types according to the Hessian Biotope Mapping (HB) and the habitat types according to Annex I of the Habitats Directive. With regard to the types of forest ecosystems, data from the forestry institution (Hessen-Forst, FENA) and, in particular, data on the main tree species were also used. Since the ecosystem classification [10, 20] is generally more thematically resolved than the empirical mapping data, existing knowledge of the conditions in the above-mentioned areas was also used. The verification is based on a sample of 20 cEsT surface objects. This sample size corresponds to the required minimum number of samples (MPZ), which was determined on the basis of Eq. (3), which can also be applied to qualitative data [5] :
with: K = number of characteristic values, V = number of characteristics considered.
Since in the case of the cEsT mapping only one single characteristic "Boolean value" (V = 1) is considered, where the number of characteristic values K = 2 ("correct", "wrong"), an MPZ of 20 cEsT map objects results according to Eq. (4). In each case it was examined whether the ecosystem type specified for the respective cEsT site object occurs as a leading or accompanying ecosystem type or is not present at all. This is of importance, as strong inhomogeneities can occur within the cEsT map units due to the small map scale and the associated generalization of the cEsT map (1:500,000). The leading ecosystem type should be understood here as the predominant unit and the accompanying ecosystem type as an existing unit that cannot be represented due to its small-scale distribution.
Validation with vegetation data from the Institute of Forestry Eberswalde (W.I.E.)
The determination of ecosystem types is ideally carried out with the greatest certainty according to the determination key for mapping on site [20, vol. 3 ]. If such a determination is not possible, an allocation can also be made by computer-assisted comparison of a vegetation survey of the investigated area with the reference conditions documented by Schröder et al. [20, vol. 2: Annex M2] and Jenssen et al. [11] . This is done by a computer program or a spreadsheet which calculates the distance between the vegetation composition of the area (3) MPZ = 10 * K V and the mean quantitative development of the ecosystem types (possible reference states) identified by Schröder et al. [20, vol. 2: Annex M2]. To validate the cEst map, data from historical vegetation surveys (prior to 1990) were used to construct ecosystem-type reference vectors to determine the current ecosystem type at each vegetation survey site studied after 1990, which was then used for comparison with the respective cEsT object. The distance measure calculated to the historical data is the Kullback information according to Eq. (4) [9, 13, 20: Chapter 7] .
The p i denote the percentage development in volume of the species occurring on the area (indicated with i ), the p i O denote the reference condition of the vegetation derived from the totality of the vegetation relevés available for the respective ecosystem type. The coverage values totalled for all types are normalized to 1 according to Eq. (5), i.e., An assignment is made to the ecosystem type to which the smallest Kullback distance exists. The following algorithm is used: 1 ,…,p S ) between the reference distribution of the ecosystem type and the species distribution of the investigated area according to Eq. 4. 9. Repeat steps 2 to 8 for all ecosystem types selected in step 1. 10. The study area is assigned to the reference type to which its vegetation composition has the smallest Kullback distance.
Example ICP Forests Level II site1605 (Großer Eisenberg, ThuringiaGermany).
The ICP Level II site 1605 Großer Eisenberg is located in the ridges of the Thuringian Forest and has the geographical coordinates (R 3626697 H 5609904). In this region, the ecosystem type C3-6d-B2 (Raw humus spruce, fir and beech forests of the altimontane level) can be identified in the cEsT map. Due to the low spatial resolution of this map, the assignment is now specified with the help of the procedure described above. Further possible ecosystem types will be selected and compared with vegetation data from 1960. In the present example, the ecosystem type C4-6d-B1 (Raw humus spruce forests
of the altimontane level) is to be considered as a possible reference condition in addition to the ecosystem type C3-6d-B2. In Table 3 , the reference vector (p O 1 ,…,p R O ) for the ecosystem type C4-6d-B1 is calculated exemplarily in the form of a spreadsheet. For this purpose a total of 36 vegetation surveys were selected from Jenssen et al. [11; "C4-6d-B1_Vegetationsgesamttabelle.xls"], which date from the years between 1942 and 1963 (step 2). Table 3 contains coverage values for a total of R = 59 plant species. The mean species set p i O for each of these species was determined by calculating the sum of all columns for each row (species) and dividing it by the number of total columns (step 3). The reference vector Table 3 . Table 4 contains the status vector (p 1 ,…,p Z ) with the coverage values of the occurring plant species (step 4) under the area number "STO180" in the third column. The 1960 vegetation relevés of the area LII-1605 are documented under the area designation STO 180 [11] ; ("C4-6d-B1_Vegetationsgesamttabelle.xls"). Table 4 was reduced to the 18 species that occur both in the reference table and in the vegetation survey of the study area (step 5). The fourth and fifth columns contain the normalized reference vector and the normalized state vector, respectively (steps 6 and 7). The last column contains the individual summands of the Kullback distance, whose sum in the last row of the last column yields the Kullback distance of K = 0.31 between the reference distribution of the ecosystem type C4-6d-B1 and the species distribution of the study area in 1960 (step 8). These calculations were also carried out for type C3-6d-B2 and other possible ecosystem types (step 9). The value K = 0.31 turned out to be the smallest Kullback distance. Thus, the ICP LII site 1605 Großer Eisenberg was assigned to the reference type C4-6d-B1 in 1960 due to its vegetation composition.
A total of 364 vegetation surveys after 1990 with known assignment of the current ecosystem type to the cEsT objects could be spatially linked and examined for agreement or disagreement.
Results
In the sample of the 20 cEsT map objects, a total of seven different wood ecosystem types (subatlantic lowland beech forest, conifer tree free beech mountain forest and black alder forest ecosystems) and three forest ecosystem types are represented. The sample, thus, includes widespread forest ecosystem types, with beech forests in particular occupying a special position in Central Europe due to their wide climatic amplitude and high tolerance to site conditions. The evaluation on the basis of the area-related mapping data with expert knowledge of the area resulted in an accuracy of 65% with regard to the accuracy of the 
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In the table, the number of samplings and species has been reduced for clarity classification, i.e., in about 2/3 of the area objects, the cEsT indicated as the leading ecosystem type appeared plausible. In 30% of the cases, cEsT still appeared as an accompanying ecosystem type and in one case the indicated cEsT was not present on the investigated area.
In the case of forest ecosystem types, the proportion of correctly classified objects according to this quality inspection method was 77%; whereas in the case of forest ecosystem types, it was 43%. At the 364 vegetation survey areas with well-known cEsT, there is a correspondence with the map of cEsT Germany (1:500,000) in 104 cases (= 29% accuracy of the classification). If the three digits of the ecosystem key are separated, the result is 60% agreement for the eco-climatic classification, 44% agreement for the moisture index and 38% agreement for the material balance type. If only the forest ecosystem types are considered, the accuracy of the cEsT map is 39%. For the eco-climatic classification, there is agreement at 67%, for the moisture classification at 55% and for the material balance type at 44% of the 255 cases examined. Only 5% of the cEsT forest ecosystem types were correctly mapped. However, there are significantly higher similarities in the climate values (45%), in the moisture index (18%) and also in the material balance type (23%).
Discussion
Methodical uncertainties in the determination of the characteristic values arise due to the small sample sizes (n = 20 cEsT area objects) as well as with regard to the classification as leading or accompanying ecosystem type. The latter is due in particular to a lack of data, i.e., insufficient coverage of the cEsT objects with corresponding empirical mapping data (7 out of 20 of the cEsT area objects investigated). When comparing with empirical mapping data, the greatest uncertainty results from the high differentiation of ecosystem classification [10, 20] , since the mapping data are thematically less resolved. Even the use of field knowledge could not close this gap, since at the time of the field work, the mapping key for the ecosystem types [20, vol. 3] was not yet available. Validation on the basis of vegetation surveys is to be regarded as more reliable and leads to more divergent results. This is essentially due to the fact that on the basis of the available data, it was difficult to distinguish between ecologically related ecosystem types without further information. However, the site-specific consideration does not permit validation with regard to the occurrence as the main ecosystem type. In addition, the example of the fractured willow-black alder floodplain forests that accompany rivers and streams made it clear that the absolute positional (in)accuracy of the cEsT, which is ± 42 m, generally makes it difficult to validate the linear objects in particular. The comparatively low hit rate for forest ecosystem types compared to forest ecosystem types can be attributed in particular to inaccuracies in the data bases used for cEsT mapping (Corine Landcover, tree species distribution). Problems with the interpretation of the cEsT map arise in particular also from the specification of only one cEsT for each spatial unit, whereby a spatial homogeneity is usually not present. This could be remedied by descriptive data that reflect the range of important characteristics or typical associations of different ecosystem types, as it is common in soil mapping [1] , for example. Overall, taking into account the results of both method applications, the following assessments can be made: In the map of cEsT Germany, the given main ecosystem type is correct to similar in 65% of cases, i.e., ecologically close (30% correct; 35% similar). For 30% of the land objects, the cEsT specified is to be classified as the correct or ecologically related accompanying ecosystem type (about 15% correct and 15% similar). 5% of the area objects are mapped wrong.
Mapping of current semi-natural ecosystem types (cEsT) at regional scale and quality check
Method and results
The methodology was developed and tested using the example of the Kellerwald-Edersee National Park (Hesse, federal state of Germany) in cooperation with the national park administration as a cooperation partner. The following data was used for this purpose: Figure 3 illustrates the principle of the methodological approach. In the first step, a rule-based mapping with available area-related data from the national park was carried out (variant A, simplified approach). The resulting map (scale 1:25,000) was then validated using site-specific data on woods and forest ecosystem types derived from vegetation surveys. In the third step, the results of the validation were used to improve the quality of the map (variant B). Finally, a comparison of both mapping approaches was made. At the same time, it was tested whether a random check in the field could replace the comparatively complex validation by means of vegetation surveys. This was done with the involvement of experts from the National Park Administration.
Rule-based mapping
Using the Kellerwald-Edersee National Park as an example, a hypothesis map of woods and forest ecosystem types (cEsT) was drawn up by applying area-specific defined classification rules to available information on the distribution of habitat types (HabT) according to Annex I of the Habitats Directive. Biotope types according to the key of the Hessian Biotope Mapping (HB), the regional hypsometric and horizontal eco-climatic classification of the potential natural ecosystem types (pEst, 1:500,000 [10, 20] ) as well as data on the main tree species from the Hessian forest management (FE) in the premise part of the rule base (Table 5 ). For example, the habitat type 9110 Luzulo-Fagetum (beech forests), mapped at a scale of 1:25,000 in the Kellerwald forest, was further differentiated into Moder beech forests of the montane level (D1-6d-C2) and Moder beech forests on bunter (Eb-5n-C2) by drawing on further information from the nationwide pEsT map for eco-climatic area classification (D1 = mountain forest location, Eb = low to low mountain forest location). As another example, 21 .67 ha of the Kellerwald National Park are occupied by the habitat type 91E0 ' Alluvial forests' with Alnus glutinosa and Fraxinus excelsior (Alno-Padion, Alnion incanae, Salicion albae)' or biotope type 01.173 ' Alluvial forests' . Both were assigned to the ecosystem type Dg-8z-D1 ' Alluvial sycamore maple and black alder forests of the montane level' , since the national map of cEsT also shows this ecosystem type in the Kellerwald National Park as the most frequent type of floodplain ecosystem. Figure 4 shows the hypothesis map developed in this way on a scale of 1: 25,000. HB: Hessian biotope mapping: 01.150 = oak forests; 01.162 = other deciduous tree forests; 01.173 = alluvial forests; 01.142 = other oak-hornbeam forests; 01.183 = other strongly cultivated wooded deciduous forests; 01.220 = other coniferous forests; 01.300 = mixed forests pEsT: Regional hypsometric and horizontal eco-climatic classification of potential natural ecosystem types (pEsT, 1:500,000; [10, 20] ): Eb = sub-atlantic, lowland; Eg = low to low mountain forest locations; D1 = mountain forest locations-conifer-free; Dg = mountain forest locations FE: Information on main tree species (Hessian forestry management) a If (premise), then (conclusion)
Premise Conclusion
HabT HB pEst FE cEsT Code Name 
Validation with vegetation data from the Kellerwald-Edersee National Park
Due to the simplicity of the methodological approach, rule-based mapping (variant A) is associated with more or less large inaccuracies which can, however, be quantified. Accordingly, the thematic accuracy was determined on the basis of a random sample [20, vol. 1: Chapter 8.1] as a quality characteristic according to DDGI [4] . For this purpose, 82 vegetation surveys with known classifications of semi-natural forest and forest ecosystem types were available [20, vol. 1: Chapter 5] .
Due to assumed geometric uncertainties, matches were tested in a 50-m buffer around the vegetation survey plots. As a result, at 18 of 82 vegetation sites (= 22%), the ecosystem types were correctly classified by rule-based mapping in the sense of all three site feature groups of the cEsT key. Frequent misclassifications concerned-as with the nationwide cEsT map-not only the assignment to the elevation level (e.g., Eb-5n-C2 instead of D1-5n-C2, Eb-5n-D1 instead of D1-6d-D1, Eg-5n-c2 instead of Dg-5n-c2), but also partial assignments to the substance balance type (e.g., Eb-5n-D1 instead of Eb-5n-D1a, Eg-7g-C1 instead of Eg-7g-D1). The misclassifications are, therefore, often similar to the results of rule-based mapping (variant A) and are ecologically related ecosystem types.
In addition, six cEsT sites were inspected by experts from the National Park Administration in June 2015. The following parameters (Table 6) were used for simplified relevés of these surface objects.
Number of vegetation layers in the forest and their
respective coverage relative to the sample plot (in %). 2. List of all higher plants and mosses occurring in the respective sample plot. 3. Coverage rate of the species in relation to the sample plot, e.g., according to Londo [14] [in %].
This comparison yielded an estimated thematic accuracy of 80-90% for rule-based mapping.
Adjustment to the validation data
The misclassifications identified in the quality review were used to adapt the rule-based mapping to the validation data. This led in particular to area extensions in favor of the Moder beech forests of the montane level (D1-5n-C2), Sandy mull beech forests (Eb-5n-D1a), Brown mull beech forests of the montane level (D1-6d-D1) and Hygrophilous brown mull common oak and hornbeam forests (Eg-7g-D1) ( Table 7) . Ecosystem types with only one vegetation survey were not included in the quality improvement of the cEsT map.
Discussion
Without the mapping key [20, vol. 3] , which was not yet available at that time, it was hardly possible for experts Kellerwald National Park in the field to carry out an assessment, since it was often difficult for even experienced experts to distinguish ecologically related ecosystem types on the basis of the information contained in the profiles of ecosystem types alone, i.e., without vegetation surveys and subsequent evaluation on the basis of the reference conditions. For example, it was not possible to differentiate reliably between beech forests in the lower mountain region (level E) and beech forests in the mountain region (level D). However, the potential of the rule-based methodology lies in an efficient mapping in comparison to traditional field mapping in a map scale range commonly used in practice (e.g., nature conservation, forestry) (1:5000 to 1:25,000). However, mapping based on existing data must be supplemented by a sufficiently dense network of vegetation surveys or be based on the mapping key developed [20, vol. 3] to ensure a more realistic approach to ecosystem types. But also when determining the most probable ecosystem type from the vegetation surveys [20, vol. 1: Chapter 5], it should be noted that the determination of the Kullback distance requires a corresponding reference description. Thus, spatially very dense surveys does not always yield the correct ecosystem type, as was demonstrated by the example of a Sandy mull beech forests (Eb-5n-D1a, location PW1), which would be plant-sociologically related to the Winkelseggen-Erlen-Eschen-Wald (Carici remotae-Fraxinetum) and thus to the Alluvial sycamore maple and black alder forests of the montane level (Dg-8z-D1, without reference condition). A similar occurrence occurred in a Whych elm and broad leaved lime forests on rocks (Eg-5r-E1, location PW5), which for the same reason was erroneously assigned to the Mull beech forests of the montane level (D1-6d-E1).
Conclusions
Rule-based mapping provides an approximate result (hypothesis map), of which the thematic accuracy can be quantified by taking vegetation surveys and observing a required minimum number of samples (MPZ). Any deviations found at the site level could be used to improve the quality of the hypothesis map, particularly at the regional level (1:5000 to 1:25,000). The rule base for deriving cEsT in the Kellerwald is not applicable under different conditions, meaning that for each other investigation area, a specific rule base has to be defined adapted to available data. On this spatial scale, it is also recommended, to use additionally the key for identifying forest ecosystems in Germany [20, vol. 3 ]. 
